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[0001] This application claims the benefit of the Korean 
Application No. P2002-74226 filed on November 27, 2002, which is 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a signal processing 
method applied to a mobile communication system, and more 
particularly, to a method of segmenting to transfer a data block 
in MIMO (multi-input-multi-output) system and apparatus thereof. 
Discussion of the Related Art 

[0003] Generally, in mobile communication, it is known that 
MIMO (multi-input-multi-output) system is superior to a 
conventional unit-antenna system. Namely, in case of a rich 
scattering environment, the MIMO system shows the better 
performance than that of uni-to-uni antenna or uni-to-multi 
antennas . 

[0004] . In order for the MIMO system to operate more 
efficiently, there should be less correlation between signals 
received by a plurality of receiving antennas. One example of 
MIMO mobile communication system according to a related art is 
explained as- follows. 
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[0005] FIG. 1 is a block diagram of V-BLAST (vertical Bell 
laboratories layered space time) system as one of MIMO systems. 

[0006] Referring to FIG. 1, V-BLAST as a kind of MIMO system 
has M transmitting antennas 12 and N receiving antennas 16. The 
V-BLAST system enables to have M*N independent channels according 
to the number of antennas, thereby having a performance superior 
to that of a conventional uni-antenna system. A transmitting end 
of V-BLAST system separately transmits transmission data 
generated in sequence through M transmitting antennas. 

[0007] Namely, the data 11 to be transferred pass a vector 
encoder 10. Signals inputted serially pass the vector encoder 10 
to be converted to parallel signals. The serial-to-parallel 
converted signals are transmitted through M transmitting antennas. 
Generally, in order to enable parallel transmissions through the 
respective antennas, the MIMO system is designed to have the 
number of the receiving antennas 16 be greater than that of the 
transmitting antennas 12 (M<N) . 

[0008] The transmitting end individually transmits signals 

via the M antennas, and a receiving end individually receives the 

signals via the N antennas. Hence, the receiving antennas 

respectively receive the signals transmitted through the M 

transmitting antennas, and perform a predetermined algorithm on 

the received signals to detect the signals transmitted from the 

respective transmitting antennas. A signal processing unit 18 of 
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the V-BLAST receiving end, as shown in FIG. 1, is for detecting 
signals, which were separately transmitted from the M antennas, 
from the receiving end. 

[0009] The transmitting end of the V-BLAST system does not 
use a separate signal processing or space-time code. Namely, 
input signals are simply transmitted via the M antennas, 
respectively. And, the V-BLAST receiving end receives the signals, 
which were transmitted via the M transmitting antennas, through 
the N antennas, and detects the signals transmitted from the 
respective transmitting antennas using an appropriate signal 
processing algorithm. 

[0010] A signal processing procedure in the receiving end is 
explained as follows. In detecting a signal transmitted via a 
specific transmitting antenna, signals transmitted from other 
transmitting antennas are handled as interference signals. Namely, 
the receiving end uses a method of computing weight vector of a 
receiving array antenna for each of the signals transmitted via 
the respective transmitting antennas and removing the influence 
of the previously detected signal. Meanwhile, the receiving end 
may use a method of detecting signals transmitted from the 
respective transmitting antennas in greater order of signal to 
interference noise ratio. 

[0011] If the signals independently transmitted from the 

respective transmitting antennas enable to maintain their 
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independency while passing a mobile communication channel 14, 
such a signal processing method is very efficient. Yet, there 
substantially exists a prescribed amount of correlation in a 
transmitting antenna array as well as a prescribed amount of 
correlation exists between the receiving antennas of a receiving 
antenna array. Hence, it is probable that independent channels as 
many as the product number (M*N) between the respective 
transmitting antennas and the respective receiving antennas may 
fail to be maintained. 

[0012] In the MIMO system, the communication can be performed 
most efficiently in case that the receiving end receives the 
independently transmitted signals via the transmitting antennas 
to handle independently. Yet, if the independency of the 
respective channels is not guaranteed, it is difficult for the 
receiving end to separately detect the signal of the specific 
transmitting antenna. Hence, the specifically transmitted signal 
frequently causes errors to the receiving end. 

[0013] As explained in the foregoing description, in case 
that the channel independency is broken as the input signals are 
simply transmitted via the respective antennas without using the 
separate signal processing or space-time code, the related art 
signal processing method in the MIMO system is unable to actively 
cope with such a variation. 
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SUMMARY OF THE INVENTION 

[0014] Accordingly, the present invention is directed to a 
method of segmenting to transfer a data block in MIMO (multi- 
input-multi-output) system and apparatus thereof that 
substantially obviates one or more problems due to limitations 
and disadvantages of the related art. 

[0015] An object of the present invention is to provide an 
apparatus and method of segmenting to transfer data blocks in 
MIMO . (multi-input-multi-output) system having a plurality of 
transmitting and receiving antennas. 

[0016] Additional advantages, objects, and features of the 
invention will be set forth in part in the description which 
follows and in part will become apparent to those having ordinary 
skill in the art upon examination of the following or may be 
learned from practice of the invention. The objectives and other 
advantages of the invention may be realized and attained by the 
structure particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

[0017] To achieve these objects and other advantages and in 

accordance with the purpose of the invention, as embodied and 

broadly described herein, a signal processing apparatus according 

to the present invention includes a feedback signal reception 

unit receiving status information of at least one channel, a data 

block segmentation unit receiving one of the first data blocks to 
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segment into at least one or more of the second data blocks, a 
CRC attachment unit attaching a CRC to each of the at one or more 
of the second data blocks, a data block allocation unit 
allocating the at least one or more of the second blocks 
according to an antenna via which the at least one or more of the 
second data blocks will be transmitted, and at least one or more 
antennas to transmit the at least one or more of the second data 
blocks. 

[0018] In another aspect of the present invention, in a 
mobile communication system having a plurality of transmitting 
antennas, a signal processing method includes the steps of 
receiving a feedback signal including status information of at 
least one channel, segmenting one of the first data blocks to 
segment into at least one or more of the second data blocks, 
attaching a CRC to each of the at least one or more of the second 
data blocks, allocating the at least one or more of the second 
data blocks to a plurality of the transmitting antennas, 
respectively, and transmitting the at least one or more of the 
second data blocks, 

[0019] Therefore, the present invention enables more 
efficient data transfer in such a mobile communication system 
using a plurality of transmitting/receiving antennas as a MIMO 
system. 
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[0020] It is to be understood that both the foregoing general 
description and the following detailed description of the present 
invention are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this application, 
illustrate embodiment (s ) of the invention and together with the 
description serve to explain the principle of the invention. In 
the drawings: 

[0022] FIG. 1 is a block diagram of V-BLAST (vertical Bell- 
laboratories layered space time) system as one of MIMO systems; 

[0023] FIG . 2 is a block diagram of a MIMO system according 
to one embodiment of the present invention; and 

[0024] FIG. 3 is a diagram for explaining a method of 
constructing data blocks to be transmitted via transmitting 
antennas . 

DETAILED DESCRIPTION OF THE INVENTION 

' [0025] Reference will now be made in detail to the preferred 

embodiments of the present invention, examples of which are 

illustrated in the accompanying drawings. Wherever possible, the 
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same reference numbers will be used throughout the drawings to 
refer to the same or like parts. 

[0026] As one embodiment of a system to which the present 
invention is applied, it is assumed that an MIMO system includes 
M transmitting antennas and N receiving antennas (M ^ N) . 

[0027] FIG. 2 is a block diagram of a MIMO system according 
to one embodiment of the present invention. 

[0028] Referring to FIG . 2, in an MIMO system according to 
the present invention, a receiving end informs a transmitting end 
whether a signal transmitted from a specific transmitting antenna 
among a plurality of antennas used in the transmitting end is 
correctly detected by the receiving end. Therefore, the MIMO 
system according to the present invention enables efficient 
transmission/reception . 

[0029] In the related art MIMO system, the respective 
channels 12 on which signals are transmitted/received are unable 
to maintain their independency. Namely, correlation between the 
respective antennas is .generated to affect the independency of 
the respective channels. It is difficult for the receiving end 30 
to detect the signal transmitted from the specific transmitting 
antenna. Hence, the signal transmitted from the specific 
transmitting antenna keeps causing an error to the receiving end. 

[0030] To overcome such a problem, the presents invention 

provides an apparatus for estimating channel status to the 
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transmitting and receiving ends and feeds back the estimated 
channel status to the transmitting end so that the transmitting 
end checks the channel status of each antenna. Therefore, the 
present invention enables to transmit a signal on a channel 
having a good status. 

[0031] A transmitting end of a MIMO system according to the 
present invention includes an antenna selection unit 24, a data 
segmentation unit 26, and a data block allocation unit 28. The 
antenna selection unit 24 selects one of a plurality transmitting 
antennas to transmit a signal. Meanwhile, the data segmentation 
unit 26 segments data to be transmitted into a plurality of data 
blocks. And, the data block allocation unit 28 allocates the data 
blocks to M transmitting antennas, respectively. 

[0032] Namely, the receiving end 30 receives the respective 
data transmitted via a plurality of the transmitting antennas 12 
and checks whether the data are transmitted without errors. Hence, 
the receiving end 30 enables to check a channel status of a 
specific transmitting antenna. The receiving end 30 then feeds 
back the information of the channel status to the transmitting 
end so that the transmitting end 20 enables to transmit data on a 
channel having a good status. 

[0033] The antenna selection unit 24 selects an antenna to 

which the data blocks will be allocated using the fed-back 

channel status information and then transfers the corresponding 
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information to the data segmentation unit. The data segmentation 
unit 26 uses the information from the data antenna selection unit 
to segment the data to be transmitted into at least one or more 
data blocks. 

[0034] The data block allocation unit 28 allocates the 
segmented data blocks to the corresponding antennas, respectively 
The allocated data blocks are then transmitted via the 
corresponding antennas, respectively. Thus, the transmitting 
antenna having the good channel status is selected so that the 
data blocks are transmitted via the transmitting antenna 
corresponding to the channel 14 of which status is estimated as 
good. 

[0035] In the transmitting end 30 including M transmitting 
antennas 12, the transmission data can be transmitted using all 
or a portion of the transmitting antennas. Namely, the 
transmitting antennas, which are estimated ^good' , among the M 
transmitting antennas are entirely or partially selected. When 
the transmission data is segmented into data blocks, the data 
blocks are allocated to the transmitting antennas selected by the 
data block selection unit. Therefore, the data blocks are 
transmitted via the selected transmitting antennas. 

[0036] Moreover, in constructing the data blocks by the data 

segmentation unit, a separate CRC (cyclic redundancy check) is 

attached to each data block. In this case, the CRC means a method 
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of checking an error using a cyclic binary code to detect the 
error occurring in the data transmission in progress. The 
receiving end estimates a channel status corresponding to each 
transmitting antenna using the CRC. 

[0037] FIG. 3 is a diagram for explaining a method of 
segmenting data to be transmitted into at least one data block, 
in which a method of segmenting the data 41 to be transmitted is 
into data blocks by uniform size each. 

[0038] Referring to FIG. 3, the data segmentation unit 26 
segments the data 41 to be transmitted into M uniform-sized data 
blocks to transmit via a plurality of antennas. 

[0039] Different CRCs are attached to the M segmented data 
blocks 42 to construct the respective data blocks 43. And, the 
data block allocation unit allocates the data blocks 43 to the 
antennas of which channel statuses are good. 

[0040] Moreover, the data block 44 is not allocated to the 
transmitting antenna 12 when thfe feedback signal informing that 
errors consecutively occur is received from the receiving end 30 
due to bad channel status of the corresponding transmitting 
antenna 12. And, a promised dummy signal and CRC are attached to 
the transmitting antenna, to which the data block is not 
allocated, to transmit. 

[0041] Specifically, in case of receiving the feedback 

information that a signal of a specific transmitting antenna 
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keeps causing errors from the receiving end 30, the signal 
transmitted via the- specific transmitting antenna is just filled 
with dummy bits to transmit. 

[0042] By the way, no signal may be transmitted via the 
antenna that keeps causing errors. Yet, the receiving end should 
be able to check whether the signal transmitted from the 
corresponding antenna keeps causing errors or not. Hence, the 
data to be transmitted is transferred via the transmitting 
antenna having good channel status and the dummy bits are 
transmitted via the corresponding antenna . 

[0043] Assuming that the MIMO system uses four transmitting 
antennas, allocated signals are initially transmitted via the 
four transmitting antennas. The receiving end then checks CRCs of 
the signals transmitted via the respective transmitting antennas. 
If data transmitted via the first transmitting antenna causes an 
error, dummy bits are transmitted via the first transmitting 
antenna until the signal transmitted via the first transmitting 
antenna causes no error. In the mean time, the transmission data 
is transmitted via the second to fourth transmitting antennas. 

[0044] A signal to which the promised CRC is attached is 
transmitted via the first transmitting antenna so that the 
receiving end enables to check whether the signal transmitted via 
the first transmitting antenna keeps causing errors or not. If 



13 



the errors occur no more, the transmission data is transmitted 
via the first transmitting antenna. 

[0045] In the MIMO system according to the present invention, 
the receiving end 30 includes a signal reception unit 32, a 
channel estimation unit 34, and a feedback signal transfer unit 
36. The signal reception unit 32 receives signals via N receiving 
antennas. The channel estimation unit 34 monitors the signals 
received via the N receiving antennas to estimate channels 
statuses of the transmitting antennas, respectively. And, the 
feedback signal transfer unit 36 transmits the channel status 
information estimated by the channel estimation unit 34 to the 
transmitting end 20. 

[0046] In doing so, the signal reception unit 32 detects the 
signals transmitted from the transmitting end for the signal 
processing by 'Zero-forcing' or X MMSE (minimum-mean-square-error) . 

[0047] Moreover, the channel estimation unit 34 monitors the 
received signals or the attached CRCs to estimate the statuses of 
the receiving channels, respectively and checks the different CRC 
to discern the antenna having transmitted the corresponding 
signal . 

[0048] Namely, the channel estimation unit 34 confirms that 

the received signal is received without an error using the CRC. 

Since the transmitting end segmented the data into a plurality of 

the data blocks and attached the different CRCs to the data 
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blocks, respectively, the receiving end checks the respective 
CRCs to confirm that a plurality of the transmitted data blocks 
are received without errors. 

[0049] Specifically, assuming that the transmitting end uses 
four transmitting antennas, the transmitting antennas are 
indicated by 00, 01, 10, and 11, respectively in turn to inform 
that the transmission signals of a certain transmitting antenna 
keep causing errors. In this case, whether the error of the 
signal transmitted from the corresponding transmitting antenna 
occurs or not can be known by checking the respective CRCs. 

[0050] If signals transmitted from at least two transmitting 
antennas keep causing errors, indexes for the at least two 
antennas are simultaneously fed back to the transmitting end or 
are sequentially divided into feedback data to feed back. 

[0051] Moreover, when all signals transmitted the entire 
transmitting antennas are normally received, portions in which 
the feedback bits are inserted can be left empty. 

[0052] In case of a system requesting retransmission of the 
data causing error among the data from the respective 
transmitting antennas, ACK/NACK information can be generated from 
each antenna. In this case, NACK for the error-causing antenna is 
sent so that the signal transmitted from the corresponding 
antenna is retransmitted. 
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[0053] It will be apparent to those skilled in the art that 
various modifications and variations can be made in the present 
invention. Thus, it is intended that the present invention covers 
the modifications and variations of this invention provided they 
come within the scope of the appended claims and their 
equivalents. 
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